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The Contributions of ].A. Udden to an Understanding of Iowa Geology1 
RICHARD C. ANDERSON 
Augustana College, Rock Island, Illinois 61201 
Johan August Udden served on the faculty of Augustana College from 1888 until 1911. His research during that rime was directed 
toward an understanding of the geology of areas close at hand, the region around Rock Island and nearby areas in Iowa and Illinois. 
Udden's most significant contributions to Iowa geology were in his treatment of 1) Paleozoic, Cretaceous, and Quaternary stratigraphy; 
2) subsurface geology, including information on bedrock elevations and topography; 3) characteristics and origin of the loess. Most of 
this information was included in the Annual Reports of the Iowa Geological Survey published between 1899 and 1903. He made 
important contributions to the study of the Devonian of eastern Iowa. He was the first to recognize cyclic sedimentation in Pennsyl-
vanian strata. He compiled subsurface information on the thickness of Pennsylvanian rocks in Jefferson County and was probably 
among the first to present such information on a map. He prepared what may be the earliest maps of bedrock topography, in Muscatine 
and Louisa counties. He was an unwavering proponent of the eolian hypothesis for the origin of loess. He noted that modern wind 
deposits have the same particle-size distribution as does the loess, and in the process of making these analyses he devised a widely 
used size-grade scale. 
Udden's work was characterized by careful observation and attention to derail. Whenever possible, he expressed his observations 
quantitatively. His work was notably innovative and original. His experiences in Iowa, and in Illinois, set the stage for his significant 
contributions to the wealth of the state of Texas and its university through discoveries of quicksilver, potash, and especially, oil. 
INDEX DESCRIPTORS: Udden, Iowa, geology. 
Johan August Udden served on the faculty of Augustana College 
from 1888 until 1911. His research during that time was directed 
toward an understanding of the geology of areas close at hand, the 
region around Rock Island and nearby areas in Iowa and Illinois. 
Later he spent his summers working for the Texas Bureau of Eco-
nomic Geology and Technology, and in 1911 he left Augustana to 
begin full-time work with that bureau. In 1915 he was appointed 
State Geologist of Texas, a position he held until his death 5 January 
1932. 
Udden was born 19 March 1859 in Uddabo, Lekasa Parish, Vas-
tergotland, Sweden, but was brought to the United States by his 
parents in 1861. The family settled in Carver County, Minnesota, 
about 30 miles southwest of Minneapolis. Johan attended both St. 
Ansgar Academy in Minnesota and Augustana Academy in Rock 
Island. He graduated from Augustana College in 1881, having pur-
sued a classical curriculum rich in language, history and theology. 
In addition, Udden took courses in physics, zoology, botany, physi-
ology, and chemistry from Josua Lindahl, the first bona fide scientist 
at Augustana College. Lindahl had completed his Ph.D. at the uni-
versity at Lund, Sweden, in 1874 and joined the Augustana faculty 
in 1878. Udden began his teaching career at Bethany College, Linds-
borg, Kansas in the fall of 1881. He returned to Augustana in 1888 
when Lindahl left to become State Geologist of Illinois (Udden 
1913a; Norton 1932; Baker 1933; Sebelius 1949; Hansen 1985; 
Heiman 1963; Anderson 1992; Underwood 1992). 
STUDIES OF IOWA GEOLOGY 
Udden's work on Iowa geology is in the form of five county reports 
published in the Annual Reports of the Iowa Geological Survey be-
1 Presented at the Annual Meeting of the North-Central Section of the Geo-
logical Society of America, 3 May 1996, Ames, IA. 
tween 1899 and 1903, more than a dozen papers in scientific jour-
nals, and two numbers in the Augustana Library Publications series. 
The counties for which he wrote reports are concentrated either in 
the southeast part of the srate (Muscatine, Louisa, and Jefferson) or 
in the southwest (Pottawattamie, Mills, and Fremont) (Fig. 1). Most 
of the papers published in scientific journals are based on this field 
work. In addition, his son, Jon Andreas Udden, reported on the 
geology of Clinton County (Udden, Jon, 1905). The county reports 
followed a standard format in which the physiography, stratigraphy, 
geologic structure, and economic products were described. 
In general, Udden's most significant contributions were in his 
treatment of: 1) Paleozoic, Cretaceous, and Quaternary stratigraphy; 
2) subsurface geology, including information on bedrock elevations 
and topography; and 3) characteristics and origin of the loess. 
Paleozoic Stratigraphy 
In his report on Muscatine County, Udden included 18 measured 
and described sections of middle Devonian exposures and 8 similar 
descriptions of upper Devonian Sweetland Creek beds (Udden 
1899c). He then summarized the Sweetland Creek beds in a com-
posite section (Fig. 2). An earlier version of this composite section 
was published in 1897, and the Sweetland Creek beds were also 
described in 1899 (Udden 1897a, 1899d). Lists of fossil invertebrates 
accompanied these descriptions of middle and upper Devonian beds. 
Udden also recovered fish teeth from these beds (Udden 1899b), one 
of which was named after him (Eastman 1900). 
Udden accorded similar treatment to the Mississippian rocks in 
Louisa County, where in 30 measured sections he described strata 
extending from what he considered the Kinderhook group up into 
the St. Louis breccias, exposed just north of the county line. These 
he referred to as the Mississippian Series of the Carboniferous System. 
Udden recognized that these beds were significantly thinner than 
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Fig. 1. Map of Iowa showing the counties for which Udden furnished 
reports published in the Annual Reports of the Iowa Geological Sur-
vey. 
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Fig. 2. Composite section for the middle Devonian of Muscatine 
County (Udden 1899c, p. 292). 
they were to the south in Keokuk County, and he attributed this 
thinning to the supposition that the shore of the Mississippian sea 
lay less than 50 miles to the north (Udden 190 la, p. 92). He also 
noted that the St. Louis lay uncomfortably on the lower beds, an 
observation confirmed by later work (Witzke, et al. 1990, p. 23). 
Udden recognized the Sweetland Creek beds at the base of the 
Kinderhook in Louisa County . As in the Muscatine County report, 
he included a list of fossils, identified by Stuart Weller of the Uni-
versity of Chicago. He also reported finding microfossils (rhizopods) 
in the shaly Pella beds (Udden 1902c). In his report on Jefferson 
County Udden described 27 exposed sections of Mississippian rocks 
and referred them all to the St. Louis Stage, Lower Carboniferous 
Series, Carboniferous System, rocks which had previously been de-
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Fig. 3. Plat of estimated average thickness of the Des Moines in sev-
eral townships of Jefferson County (in feet) (Udden 1902a, p. 414). 
scribed in detail in Washington County (Bain 1896). Recent study 
shows, however, that these strata are not strictly correlative with the 
type St. Louis (Witzke et al. 1990). 
Udden's contributions to the understanding of Iowa's Pennsylva-
nian stratigraphy are also found primarily in his county reports, 
which include measured and described sections of Pennsylvanian 
strata as follows: Jefferson County (21 sections), Mills and Fremont 
counties (26 sections), Muscatine County (7 sections), and Potta-
wattamie County (8 sections) (Udden 1899c, 190la, 1901b, 1902a, 
1903b). In Muscatine, Louisa, and Jefferson Counties Pennsylvanian 
strata were referred to as the Des Moines Stage, Upper Carboniferous 
Series, Carboniferous System. These rocks lie uncomfortably upon 
Devonian or Mississippian limestones. In Louisa County Udden rec-
ognized paleokarst at the top of the Mississippian where "the Bur-
lington often has cavernous tunnels and crevices filled by the deposits 
of the next succeeding period" (Udden 190la, p. 93). Udden did 
not offer an opinion as to the age of this karst fill, but he noted that 
farther north, presumably in Muscatine County, the lowest parts of 
these deposits "are found frequently to contain Subcarboniferous 
chert." He continued, 
It is quite evident that the erosion preceding the next submer-
gence cut this limestone almost to its present condition. Ac-
companying this erosion there was a tilting of the land to the 
south. Following the erosion and tilting of the land it was again 
submerged and the Coal Measures were laid down in the mar-
ginal waters of a sea advancing an unknown distance to the 
north (Udden 190la, p. 93). 
It is not clear whether Udden considered the karst-fill to be Penn-
sylvanian or pre-Pennsylvanian in age. He reported that green shales 
overlie the St. Louis and were overlain by unequivocal Coal Measures 
in places in Jefferson County. He suggested that these green shales 
may be Chester equivalents (upper Mississippian) (Udden l 902a, p. 
418). Furthermore, he recognized that in Louisa County "Only a 
small part of these deposits [Des Moines) are left ... and they occur 
as small isolated outliers." In Jefferson County he compiled infor-
mation on the thickness of the Pennsylvanian drawn from well re-
cords and outcrops, computed average thickness by township, and 
presented this information on a map of the county. The result is one 
of the earliest attempts to produce what today we call an isopach 
map (Fig. 3). Udden concluded: 
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It should be remembered that the figures given are estimates 
and that since both the upper and lower limits of the formation 
conform to ancient erosion contours there are apt to be great 
local variations in its development. It is believed that the max-
imum development of the formation will not exceed three times 
the figures given, while at the same time it is known excepting 
Fairfield and Locust Grove Townships, the minimum limit is 
zero; that is, the Coal Measures have been entirely removed at 
some point in nearly all the townships (Udden 1902a p. 414). 
Udden was a pioneer in the use of the data from wells to compile 
information on subsurface geology, a technique that he applied very 
profitably later as Director of the Texas Bureau of Economic Geology 
and Technology (Baker 1933; Heiman 1963). As a result of his study 
of the records of wells in the Rock Island area (Udden 1896a, 
1898b), the subsurface geology in this area was understood as well 
as any comparable area in the United States (Norton 1899, p. 505; 
1932, p. 25; Baker 1933, p. 403). 
For Jefferson County, Udden included a list of fossils from the 
Des Moines (Middle Pennsylvanian), tabulated by locality. A similar 
list of Missourian (Upper Pennsylvanian) fossils was presented in the 
report on Mills and Fremont counties. He reported finding a bone 
of P!europtyx c!avatus Cope, an amphibian, in a black Coal Measures 
shale in Jefferson County (Udden 1902d). 
In the southwestern counties, Pottawattamie, Mills, and Fremont, 
Udden refers to the Pennsylvanian as Missourian Stage, Upper Car-
boniferous Series, Carboniferous System. In the report on Mills and 
Fremont counties he included a plate of geologic sections with the 
beds keyed to the numbered units in his verbal descriptions (Udden 
1903b, Plate vi). The graphic sections were not arranged in the form 
of a correlation chart, but he did indicate correlations in the text. 
The fossils and lithologies led him to conclude that these strata 
(Upper Pennsylvanian) were deposited under conditions of fluctuat-
ing sea level but generally in a more off-shore environment than that 
of the Des Moines rocks (Middle Pennsylvanian) in Muscatine and 
Jefferson counties. 
Udden washed and sieved samples of Missourian sediments from 
Mills and Fremont counties, discovering a microfauna consisting of 
fusulinid foraminifera and "chitinous denticles and plates of brown 
color, some resembling in form the jaws of Nereidavus, described 
from the Devonian, and other forms, more frequent, resembling frag-
ments of the radulae of gasteropods" (Udden 1903a). This suggested 
that not even tiny microfossils, some perhaps conodonts and scole-
codonts, escaped Udden's attention. 
Mesozoic Stratigraphy 
Udden recognized Cretaceous sediments in the southwestern coun-
ties, but aside from a generalized section of these rocks along the 
west bluff of the Nishnabotna River in Fremont County he presented 
no detailed stratigraphic descriptions. He did, however, study the 
clast lithology of the sandstones and conglomerates, noting that the 
clasts consist of several varieties of chert from the Coal Measures, 
and quartz. He tabulated these by grain size and demonstrated that 
the ratio of chert to quartz varies inversely with particle size (Udden 
1903b, p. 163). He also measured the sizes of a sample of 55 sphe-
roidal concretions from these sediments, separated them into 10 size 
classes ranging from 5 to 50 mm, and then tabulated the results, 
(number of concretions per size class). He made mechanical analyses 
of three samples of the sandstone, from the base, the middle, and 
the top, finding that most of the sand is between '\4 and l/s mm in 
diameter and that 95.8 percent of the middle sample lies in that 
grade. These beds constituted what was known at the time as the 
Nishnabotna Stage, Dakota Series, Cretaceous System. Udden inter-
preted them as littoral deposits in the advancing Cretaceous sea. 
Quaternary Stratigraphy 
In his county reports, Udden described the glacial tills using the 
terminology that was current at the time. The oldest drifr, presum-
ably derived from the north or northwest, was termed the Albertan. 
This was overlain by Aftonian sand and gravel, which in turn was 
overlain by Kansan till. In places Buchanan gravels overlay the Kan-
san till and in other places the Yarmouth Soil was developed at the 
top of the Kansan. Relationships of these materials in Louisa County 
were illustrated by field sketches (Udden 1901a). He noted the rare 
presence of pebbles of Cretaceous shale and crystals of staurolite in 
the Kansan of eastern Iowa and considered that this indicated a 
source to the north in Minnesota (Udden 1899a). He sampled lit-
erally thousands of pebbles from the tills of Iowa, not only to de-
termine the sources of the tills, but also to document the effect of 
weathering on till-pebble lithology (Udden 1913b). He recognized 
Illinoian till in Muscatine and Louisa Counties. He described it as 
discontinuous in Muscatine County, whereas in southern Louisa 
County it was more than 50 feet thick and formed a morainic ridge 
along its western margin, even a double ridge, rising as much as 50 
feet above the surrounding upland (Udden 190la, p. 107). 
Udden described the tills in the southwestern counties much less 
completely than he did those in southeast Iowa, probably because 
exposures were limited in this area of thick loess and because no 
detailed understanding of these deposits had developed. To a large 
extent, the latter is still the case. Udden presumes that both Albertan 
and Kansan tills were present, but he found no way to differentiate 
them. He saw no paleosols, although reddish horizons reported by 
drillers suggest that they were present. Pebble counts from the base 
and top of the till showed no significant differences. He noted that 
the till in Pottawattamie County averaged about 140 feet in thick-
ness but became thinner both to the north and south and toward 
the Missouri River. 
In 1894, Udden, on the basis of direct observation and theoretical 
calculation, concluded that "the wind-theory would appear to furnish 
an adequate explanation of the occurrence of the loess in the Missis-
sippi Valley" (Udden 1894). He compiled newspaper accounts of 
"dust and sandstorms in the west," and from these he concluded that 
because of their frequency, severity, and widespread distribution, 
these storms were capable of producing the loess deposits he observed 
in Iowa and adjacent areas (Udden 1896b). He admitted that news-
paper accounts were a crude and inexact means of analysis; never-
theless, he considered them to be of some value as a first approxi-
mation. Perhaps because of these reservations, he elected to publish 
this study in Popular Science Monthly rather than in a more respected 
scientific journal, a strategy he may have used on another occasion, 
as well (Hansen 1985, p. 209). In Louisa County Udden noted that 
the loess is thickest along the bluffs of the Mississippi River and 
recognized its relationship to nearby valleys: 
Frequently there is a perceptible thickening along the edge of 
the bluffs adjoining larger valleys. This is most common where 
the bluffs face west. Sometimes this feature is pronounced and 
the edge of the upland consists of a bordering ridge which may 
be composed of fine sand ... Shallow ponds may lie back of 
these ridges, which are evidently blown up by the wind (Udden 
190la, p.111). 
In Pottawattamie County, Udden collected samples of loess and 
made 11 mechanical analyses, noting that the size of 60 percent of 
the material lay between 1/ 16 and 1/ 32 mm in diameter and that less 
than 2 percent was greater than Vs mm or less than 11128 mm in 
diameter. At Loveland he saw a dark zone with bits of charcoal that 
divides the loess into two roughly equally thick units. This is the 
Loveland Soil, which is now considered Sangamonian in age. 
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Fig. 4. Map of the bedrock topography of Muscatine County (Udden 1899c). 
Udden collected snails from the loess in each county he surveyed 
except in Jefferson County where he found no snails because the loess 
was thin and completely leached. The collections from the south-
western counties were submitted to Bohumil Shimek for identifica-
tion and interpretation. Study of Udden's snail samples and those he 
collected himself led Shimek to conclude that the loess was "not 
subaqueous" in origin (Shimek 1896, 1898). Rather, it was deposited 
under conditions similar to those that exist today, when wind storms 
blow dust in sufficient quantities to have formed the loess. In his 
county reports Udden did not comment directly on the origin of the 
loess, except in Louisa County where he described it as a "deposit of 
terrestrial dust." That he favored an eolian origin is obvious (Udden 
1894, 1897b), but in his seminal report on "The Mechanical Com-
position of Wind Deposits" he suggested that: 
Though the eolian hypothesis has been more or less considered 
by all geologist [sic] who have had occasion to study the loess, 
it seems that the nature of the work performed by the atmo-
sphere is too imperfectly known to admit, as yet, of any thor-
ough discussion of the efficiency of the wind as a loess-maker 
in America. A study of this work should precede a final verdict 
on the origin of this formation, and this thought has been the 
stimulus while pursuing the studies whose results are here re-
corded (Udden 1898a, p. 69; Fig. 5). 
Perhaps because he did not look at the mineral composition of 
the loess, Udden did not make the connection between the loess and 
glacial flour, the silt fraction of the till. Instead, following Shimek, 
probably the most out-spoken advocate of the eolian hypothesis (Shi-
mek 1896, 1898), Udden considered that the loess was deposited 
under conditions similar to those that exist today (Udden 1897b). 
Although Udden may have influenced Chamberlin in accepting an 
eolian origin (Hansen 1985), it was Chamberlin who ultimately rec-
ognized the glacial derivation of the loess (Chamberlin 1897). 
In Pottawattamie County, Udden (1902b) noted some enigmatic 
horizontal shear planes at the base of the loess, where it overlay the 
"gumbo", a material ranging from red clay to a pebbly, loess-like 
sediment that "when moistened absorbs the liquid and swells up 
visibly" (Udden 190lb, p.258). He thought these shear planes might 
result from mass-movement or even glacial motion, bur he was not 
satisfied with either of these explanations. 
Udden was instrumental in compiling information on the occur-
rence of the mastodon and mammoth remains in Illinois and Iowa 
(Anderson 1905 ). He then summarized this information in terms of 
the age and type of sediment in which these fossils occur, the species 
represented, and the types of associated fossils. Finally, he evaluated 
evidence linking man with proboscidians (Udden 1905). 
Udden's interest in the topography of the bedrock surface beneath 
the drift was manifest by tables listing the location of wells, their 
curb elevation, and the thickness of materials overlying the Paleozoic 
bedrock: 92 wells in Muscatine County, 85 in Louisa, 64 in Potta-
wattamie, and 27 in Jefferson. This provided sufficient control in 
Muscatine and Louisa counties to construct maps of the bedrock 
topography, surely among the earliest such maps ever produced (Fig 
4.). These maps revealed deep valleys that Udden considered pre-
glacial in age: the southwestward continuation of the Cleona Channel 
in Muscatine County and the "Udden Channel" in Lousia County, 
which coincides quite closely with the present course of the Iowa 
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River (Hansen 1973). For Pottawattamie County he plotted bedrock 
elevations on a map, but did not contour them, presumably because 
there were nor enough data points (Udden 190lb, Plate VI). In all 
of his county reports Udden considered the relief on this bedrock 
surface to be a result of Tertiary erosion. He described no evidence 
of pre-glacial weathering on this surface except for a single locality 
in Lousia County. He did, however, describe the Pine Creek Con-
glomerate in Muscatine County, which he considered "post-Carbon-
iferous and preglacial" (Udden 1898c; 1899c). The fact that it con-
tained some northern lirhologies led Udden to suggest that it might 
actually represent an early glaciation. 
Structure 
In each of the counties he studied, Udden attempted to determine 
the direction and degree of the dip by noting the differences in 
elevation of correlative beds at different locations. In addition, he 
made scores of measurements of the strike of joints in the hopes that 
they might shed light on the dip of these almost flat-lying beds. 
Although the results were inconclusive in some areas, in general, he 
found dips ro the south and west (Udden 1899c, 190la, 190lb, 
l 902a). Small faults and flexures in the upper part of the St. Louis 
limesrone in Jefferson County were attributed to collapse of under-
lying cavernous limestone. 
Udden used newspaper accounts to assess the effects of the May 
26, 1909, earthquake that was centered in northern Illinois and af-
fected areas from northwestern Indiana to eastern Iowa and southern 
Wisconsin. From this information he constructed an isoseismal map 
based on the Rossi-Fore! scale of intensities (Udden 190lb). The 
most affected area in Iowa extended from Davenport to Dubuque. 
In a more popular account, Udden goes somewhat afield and de-
scribed human reaction to the earthquake, noting among other 
things that "its intensity was near that limit, which is strong enough 
to scare women bur not men. This limit must approximate seven m 
the Rossi-Fore! scale, and the unsentimental seismologist may hence 
add another criterion for correctly locating the seventh isoseismal" 
(Udden 1910a). 
Economic Geology 
Unlike his later work in Texas, which was largely devoted to find-
ing and developing natural resources, Udden's work in Iowa was 
directed more toward basic rather than toward applied geology. To 
be sure, one of the most important objectives of the county reports 
of the Iowa Geological Survey was to assess natural resources, and 
Udden's reports satisfied this objective. He evaluated the prese~t 
utilization of a variety of natural resources and commented on their 
potential for future development, but his treatment of this sub-
ject lacked the depth and thoroughness he devoted to purely geo-
logical topics. Building stone, clay, coal, natural gas, gravel and sand, 
soils, and water supply were the principal natural resources he con-
sidered. 
DISTINCTIVE CHARACTERISTICS OF UDDEN'S WORK 
Udden's work in Iowa was characterized by careful observation 
and attention to derail. His county reports included dozens of mea-
sured and described sections, often summarized as composite sec-
tions. Whenever possible, he expressed his observations quantita-
tively. He tabulated the location and elevations of wells; he published 
lists of fossils and the localities where they were found; he made 
pebble counts of Cretaceous conglomerates and Quaternary tills; he 
made mechanical analysis of Cretaceous sandstones, "gumbo," and 
loess. Although he offered explanations for these observations, he was 
nor inclined toward extended discussion and interpretation. Regard-
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Fig. 5. Histograms showing the mechanical composition of dust col-
lected directly from the atmosphere (Udden 1898c, p. 53). 
ing his position on the ongm of the loess, for example, he was 
unwavering in his support of the eolian hypothesis, bur his support 
was in the form of analysis of: 1) the effectiveness of the wind as a 
geological agent (Udden 1894), 2) the similarity in mechanical com-
position between the loess and modern wind-blown sediments 
(Udden 1898a; Fig. 5), and 3) the topographic position of the loess 
(Udden 1901a). He collected data, offered his interpretation, and by 
implication, at least, allowed the reader to draw her or his own 
conclusions. 
His work was notably innovative and original. He proposed the 
grade scale that is in widespread use today (Udden 1898a; Krumbein 
1932; Blatt et al. 1980, p. 89). He was among the first to make 
extensive use of subsurface data. He was the first to recognize the 
cyclic nature of Pennsylvanian sediments (Weller 1930; Langenheim 
and Nelson 1993). Although this was not apparent in his Iowa re-
ports, undoubtedly his experience with the Pennsylvanian of fowa 
played a role in revealing cycles in the better expose~ Pennsylvam~n 
of the Peoria Quadrangle, Illinois (Udden 1912). His expenence m 
Iowa, and in Illinois, set the stage for his significant contributions 
to the wealth of the state of Texas and its university through dis-
coveries of quicksilver, potash, and especially, oil (Baker 1933; Hei-
man 1963). 
SIGNIFICANCE OF UDDEN'S WORK IN IOWA 
].A. Udden was part of a remarkable, turn-of-the-century under-
taking by the State of Iowa: to survey the geology of the state and 
to publish the results on a county by county basis. As they were 
completed, these surveys were published in the annual reports of the 
Survey, beginning in 1893. In all, 91 county geological .reports were 
published, most of them during the two decades spannmg the turn 
of the century. Twenty-four authors contributed to the project. 
Udden reported on six counties, a number exceeded only by T. H. 
MacBride, Samuel Calvin, H.F. Bain, and M. F. Arny. This effort 
produced not only an essential inventory of the natural resources of 
the stare, bur also laid a solid foundation for all subsequent geolog-
ical investigation. Udden's reports, by their attention to derail and 
their emphasis on basic science, contributed greatly to the overall 
success of this project. 
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